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ABSTRACT 


The  Naval  Research  Laboratory  is  serving  as  technical  director  of 
the  Navy*s  Air  to  Air  Missile  Study,  This  report  represents  a  continu¬ 
ation  of  this  effort.  Results  are  presented,  based  on  preliminary 
investigation,  vhich  are  directed  toward  establishing  the  minimum  fire 
control  requirements  for  successfully  launching  an  air  to  air  missile* 
The  investigation  was  prompted  by  the  fact  that  as  missile  system 
design  techniques  improve,  fire  control  accuracy  requirements  should  be 
less  stringent.  The  question  arises  as  to  why  this  trend  has  not 
prevailed  in  the  design  of  modern  airborne  fire  control  systems*^; 
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NAVY  AIR  TO  AIR  MISSILE  STUDY  FIRS  CONTROL  REQUIREMENTS 
INTRODUCTION 

This  report  presents  the  results  of  a  preliminary  analytical  investigation, 
conducted  by  the  Naval  Research  Laboratory,  pointed  toward  establishing 
the  minimum  fire  control  requirements  to  successfully  launch  an  air  to  air 
missile.  Current  airborne  weapon  control  systems  are  complex  and  conse¬ 
quently  require  high  level  maintenance  which  still  does  not  permit  an 
acceptable  availability  statue. 

Systems  of  the  past,  such  as  the  f4D  Aero  I3  had  guns  and  rockets 
as  primary  armament.  Experience  showed  that  lead-collision  rockets  were 
the  most  effective  tactical  mode.  This  lead-collison  course  has  only  one 
instant  of  solution,  where  the  rocket  dispersion  pattern  results  in  a  high 
kill  probability,  during  the  total  attack  conversion.  It  requires  that 
accurate  auigle  and  range  information  be  supplied  to  the  computer.  Current 
systems,  such  as  the  F3H  Aero  19  and  the  F4h-1  Aero  lA  utilize  missiles 
(Sparrow  III  and  Sidewinder)  as  a  weapon.  These  missiles  have  some 
capability  of  correcting  Initial  errors  thus  permitting  missile  launch 
with  considerable  angle  and  range  errors  in  a  pure  pursuit  or  lead  pursuit 
mode  with  continuous  firing  capability  within  a  given  range  interval. 

With  the  advent  of  missiles  as  a  weapon  it  would  seem  logical  that 
the  tolerances  of  ang?  ,  range  and  computed  parameters  could  be  increased 
and  still  provide  a  sa? Isfactory  solution  to  the  problem.  This  has  not 
been  the  case,  since  the  equipment  designers  tend  to  provide  information 
to  a  higher  degree  of  accuracy  than  necessary,  because  it  is  within  the 
'’state-of-the-art.’*  Such  exotic  design  philosophy  increases  the  equipment 
complexity  and  vulnerability  to  enemy  countermeasures.  Complexity  of 
circuitry  and  operational  modes  is  a  regenerative  process  because  as 
system  functions  become  more  refined  they  become  more  susceptible  to  the 
natural  environment  as  well  as  enemy  generated  countermeasures  and  conse¬ 
quently  require  additional  refinement. 

It  is  the  intent  of  this  analytical  and  simulation  effort  to  devise 
methods  of  simplifying  present  system  concept  and  still  improve  the 
probability  of  success  through  ease  of  operation,  maintenance  and  improved 
reliability. 

OBJECTIVES 

In  setting  forth  on  this  investigative  study  effort,  certain  broad 
objectives  were  established  based  on  both  analysis  of  NRL*s  tactical 
effectiveness  studies  and  intuitive  Judgement.  These  objectives  may  be 
summarized  as  follows : 
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a.  Define,  In  terms  of  probability  of  arriving  at  a  successful  launch 
point,  present  capability  to  solve  the  fire  control  problem,  both 
in  the  clear  eind  countermeasure  environment,  for  the  successful 
launch  of  today^s  and  future  air  to  air  missiles* 

b.  Define  actual  accuracy  requirements  for  launching  air  to  air 
missiles  * 

c.  Specify  a  system  for  solving  the  launching  problem  of  air  to  air 
missiles » 

To  explore  the  initial  objective  of  defining  the  Navy^s  current 
capability  of  solving  the  fire  control  problem,  it  was  decided  to  select 
the  most  advanced  interceptor  system  about  which  sufficient  information  was 
known  to  mechanise  an  accurate  simulation. 

The  approach  to  this  problem  was  to  utilize  the  F4H-1  cockpit  simulation 
in  conjunction  with  the  Reeves  Electronic  AneJ-Og  Computer  (REAC;  located  at 
the  Westinghouse  Air  Arm  Division,  This  simulation  provides  a  pilot 
position  with  aircraft  control  stick,  the  instnoments  necessary  to  fly  the 
aircraft  and  the  APQ-72  search  and  attack  display.  The  Radar  Intercept 
Officer's  (RIo)  position  is  also  simulated  with  the  same  radar  presentation 
and  radar  control  handle.  These  operating  positions  are  connected  into  the 
REAC  which  .simulates  the:  chaj^acteri sties -Of '  the  ^  f4h-^1  aircraft  'and 
the  Airborne  Missile  Control  System  (AMCS)  Aero  lA  (APQ-72  radar  and  APA-128 
computer).  A  limited  effort,  although  statistically  sound,  was  made  for  the 
purpose  of  establishing  parameter  sensitivities  and  trends  In  quantities 
that  would  direct  further  investigative  effoit  and  system  simplification 
taking  advantage  of  insensitive  parameters.  One  of  the  ground  rules  that 
was  set  forth  was  that  the  model  (f4H-1  Aero  lA)  would  be  used  as  mechanized 
in  the  initial  Investigations  of  the  Navy's  Air  to  Air  Missile  Study,  thus 
establishing  a  standard  to  which  future  data  might  be  compared, 

GENERAL  SUMMARY 

With  the  simulation  verified  as  representative  of  the  F4H-1  weapon 
system  a  program  to  exercise  the  simulator  was  devised.  Two  hundred 
conversions  were  randomly  flown  in  the  "Normal  Mode"  (clear  environn’4ent ) . 

The  results  of  this  set  of  conversions  shows  83*7^  capability  of  reaching 
a  successful  launch  point. 

The  next-  step  was  to  investigate  the  F4h-1  weapon  system  capability 
of  solving  the  fire  control  problem  In  the  "Home  on  Jam"  (HOJ)  mode.  From 
the  two  hundred  random  conversions  in  this  mode  a  probability  of  successful 
conversion  of  73^  ws  attained  or  87^  of  those  ram  which  succeeded  under 
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normal  conditions.  This  would  indicate^ that  under  the  conditions  examined, 
the  system  is  not  sensitive  to  absolute  range.  Presently  the  range  infor¬ 
mation  is  accurate  to  within  several  yards  and  imposes  considerable  equipment 
complexity  in  the  range  track  and  timing  circuitry  to  attain  such  accuracy. 
Considerable  simplification  should  be  poHJSible  in  this  ai'ea  and  plans  are 
to  exploit  several  schemes  which  will  be  discussed  later  in  the  text. 


A  third  sequence  of  two  hundred  conversions  was  flown  in  the  ’^Acquire 
on  Jam”  (AOJ)  mode.  The  conditions  for  this  exercise  were  that  the  weapon 
system  never  had  range  and  the  pilot  was  orally  given  range  with  a  la 
accuracy  of  t  3  n,mi  at  normal  detection  range.  It  was  left  to  the 
intuition  of  the  pilot  as  to  when  he  should  fire,  based  on  his  ability  to 
sense  the  proper  time, using  only  the  instruments  normally  in  his  cockpit. 

The  pilot  VOS  told  that  he  could  use  any  of  the  information  provided 
In  the  cockpit  to  accomplish  his  mission,  but  no  clues  were  given  him  and 
he  was  not  permitted  to  review  his  results  until  all  runs  were  completed. 
Under  these  conditions  he  was  able  to  successfully  launch  a  missile  with 
a  probability  of  36^  or  43^  of  those  runs  which  succeeded  under  normal 
conditions . 

This  capability  is  encouraging  since  several  schemes  of  system 
simplification,  which  will  be  investigated  later,  should  enhance  the  pilot’s 
capability  in  this  mode  or  ultimately  negate  the  need  for  this  mode.  The 
major  reason  for  failure  in  this  mode  was  that  the  pilot  fired  early  so  that 
a  simple  operation  on  ABW  range  such  as  more  accurate  range  or  an  increased 
data  rate  may  be  sufficient  to  increase  his  capability  which  would  also  be 
applicable  to  the  other  modes, 

A  fourth  sequence  of  six  hundred  conversions  was  made  in  an  ^Attack 
While  Search"  (AWS)  mode.  This  mode  bidefly  is  one  in  which  the  RIO 
controls  the  radar  antenna  to  illuminate  the  target  on  the  center  bar  of 
the  three-bar  Pa Irner  scan  in  the  Search  mode-  The  pilot  sees  the  target 
each  time  the  antenna  scans  by  and  flies  the  aircraft  such  that  the  target 
is  a  fixed  amount  displaced  from  the  center  of  the  scope.  When  the  target 
is  displaced,  in  azimuth  with  the  proper  direction  from  the  center  of  the 
scope,  a  corresponding  lead  angle  is  established.  By  attempting  to  fly  a 
fixed  lead  ang]e  under  these  conditions,  the  pilot  makes  his  conversion 
utilizing  a  deviated  pursuit  course - 

Operating  under  these  limitations  the  pilot -RIO  team  was  able  to  press 
the  attack  with  a  respectable  success  probability.  The  resulting  probability 
of  success  varies  with  the  fixed  lead  angle  employed  and  the  results 
obtained  varied  from  12^  to  59*6^.  It  is  felt  that  this  capability  can  be 
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improved  by  optimising  the  simulated  system  for  this  mode  of  operation » 

Any  change  along  these  lines  would  be  in  the  way  of  system  simplification. 
The  major  problem  with  this  mode  is  the  low  data  rate  provided  the  pilot 
such  that  he  has  a  lag  in  his  control  of  the  aircraft  since  he  is 
accustomed  to  fly  the  system  closed  loop.  One  obvious  method  of  increasing 
the  data  rate  by  a  factor  of  2  is  to  switch  the  radar  to  single  bar  scan 
after  target  detectio' 

This  study  to  date,  although  all  of  the  data  have  nbt>  boon  reduced  and 
certain  areas  need  further  investigation,  indicates  thax  current  system 
mechanization  concepts  are  overly  complex, 

DETAILS  OF  SIMULATION 

The  simulation  includes  a  cockpit  mock-up  with  aircraft  surface 
controls,  the  pilot  and  RIO's  display,  the  aerodynamic  simulation  of  the 
interceptor,  and  the  kinematics  relating  the  interceptor,  the  ‘  radar 
antenna,  the  target,  and  a  space  reference  coordinate  system.  A  block 
diagram  showing  these  interrelationships  is  shown  on  Fig,  1.  In  planning 
this  simulation,  consideration  of  the  program  objectives  determined  the 
extent  of  component  approximation.  When  Indicated,  simplifications  of  the 
problem  are  made  to  enhance  reliability  and  to  conserve  computer  capacity. 

Method 

The  major  piece  of  apparatus  used  in  the  study  is  a  Reeves  Electronic 
Analog  Computer  (REAC).  The  REAC  is  used  to  simulate: 

a.  f4H-1  aircraft, 

b.  Space  geometry  existing  between  the  F4H-1  and  a  target. 

c.  Display  information  generated  by  the  AN/APQ-72  radar  and  the 
AMCS  Aero  lA  Fire  Control  Computer. 

In  b\  Lating  the  F4H-1,  the  basic  three-dimensional  aerodynamic 
equations  of  motion  are  modified  to  provide  an  aircraft  which  is  linearized* 
in  angle  of  attack  and  pitch.  By  imposing  these  restrictions  on  the  up-down 
motion  of  the  aircraft,  the  simulation  is  limited  to  co-altitude  attacks  in 
which  the  P4H-1  is  allowed  to  make  smal.l  perturbations  about  a  fixed 
altitude.  The  target  is  mechanized  as  a  point  in  space  moving  with  constant 
speed  in  a  straight  line  at  a  constant  altitude.  Three-dimensional  space 


*for  a  linearized  angle  ti;  sin  9  =  0,  cos  6  =  1 
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geometry  between  the  P4h-1  and  target  Is  mechanized  to  obtain  range  and 
bearing,  aircrafts  orientation  angles  and  rates,  antenna  sightline  angles 
and  rates,  and  space  range  components. 

The  display  information  principally  consists  of  steering  errors, 
maximum  and  minimum  range  information,  and  allowable  launch  error.  This 
information  is  presented  to  the  f4H-1  pilot  in  the  form  of  an  oscilloscope 
display. 

Mock-up 

Used  in  conjunction  with  the  simulated  REAC  equations  is  a  cockpit 
mock-up  which  consists  of: 

a,  A  control  stick  by  which  the  pilot  transmits  aileron  and  elevator 
commands  to  the  aircraft.  Also  located  on  the  control  stick  is 
the  missile  firing  button, 

b.  Instrumentation  panel  supplying  information  on  altitude  and 
normal  acceleration  to  the  pilot, 

c*  A  five  inch  oscilloscope  on  which  the  display  information 

generated  on  the  RSAC  is  presented.  Also  on  the  oscilloscope 
Is  a  horizon  line  which  supplies  roll  and  pitch  information  to 
the  pilot. 

d.  A  human  pilot  who  is  used  to  close  the  loop  on  the  simulation. 

The  pilot  does  not  require  any  actual  flight  experience  since 
previous  studies  have  shown  that,  as  far  as  the  RSAC  results 
are  concerned,  the  performance  of  a  properly  trained  REAC  pilot 
compares  very  favorably  with  that  of  an  actual  Jet  pilot. 

e.  Colored  lights  indicating  Rmax#  Rmin^  HOJ  Mode  and  AOJ  Mode. 

Located  in  another  part  of  the  room  from  the  cockpit  le  the  radar 
operator  mock-up  which  consists  of: 

a.  A  five  inch  oscilloscope  displaying  the  Identical  Information 
presented  to  the  pilot. 

b.  A  lock-on  control  handle  which  enables  the  radar  operator  to 
lock  the  p4h-1  antenna  onto  the  target. 
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Disglay 

As  men  ioned  previously,  the  pilot  and  the  radar  operator  receive 
Identical  display  information  through  a  pair  of  five  inch  oscilloscoi>es . 

Two  types  of  presentations  are  available;  namely: 

a,  search,  and 

b .  track . 

Search  Presentation  -  Normal,  HOJ  and  AOJ  Modes 

The  search  display  consists  of  a  horizon  line,  a  target  dot,  an 
elevation  strobe,  and  a  pair  of  acquisition  symbols  as  shown  on  Fig,  2, 
Approximate  roll  and  pitch  indication  is  supplied  by  the  horizon  line. 

The  antenna  elevation  strobe  and  the  azimuth  component  of  the  acquisition 
dot  are  space  stabilized  (unaffected  by  aircraft  roll  and  pitch  motions). 
The  approximate  position  of  the  radar  range  gate  is  indicated  by  the 
acquisition  symbols,  two  paredlel  bars,  which  are  replaced  by  a  range 
slash  at  the  bottom  of  the  bars  when  the  lock-on  button  is  pressed.  The 
radar  operator  can  position  the  acquisition  symbols  left  or  right,  up  or 
down  by  manipulating  the  lock- on  control  handle. 

Search  Presentation  -  Attack  While  Search  Mode 

The  search  presente-tion  used  in  the  AWS  Mode  is  shown  by  Pig.  3* 

The  antenna  uses  a  three-bar  Palmer  scan  in  which  the  bars  are  separated 
by  3*75^  ±0.5**  vertically.  The  total  horizontal  scan  is  ±  15^  from  scan 
center  which  can  be  oriented  about  the  expected  position  of  the  target. 

The  scan  pattern  is  seen  as  a  vertical  noisy  line  sweeping  back  and  forth 
across  the  scope  face.  The  scope  is  intensity  modxxlated  as  a  function  of 
target  position  as  shown  on  Fig.  4. 

Track  Presentation  -  Normal  and  HOJ  Modes 

The  track  display,  which  replaces  the  search  display  after  lock-on  is 
achieved,  is  shown  on  Pig.  5.  Pitch  and  roll  information  is  still  provided 
by  the  horizon  line.  Information  on  aircraft  orientation  obtained  by 
the  steering  error  dot.  The  outer  circle  collapses  to  the  Hmax  Rmin 
scribe  marks  as  range  approaches  these  values .  Closing  rate  is  indicated 
by  the  gap  in  the  outer  circle  which  rotates  clockwise  as  closing  rate 
increases.  The  inner  circle  represents  the  maximum  allowable  launch 
error  for  the  missile.  AI  radar  gimbal  angle  deflections  are  indicated  by 
the  elevation  and  azimuth  strobes.  The  HOJ  mode  is  distinguished  visually 
from  the  Normal  mode  by  the  presence  of  the  HOJ  light. 
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Track  Presentation  -  AOJ  Mode 

Since  no  range  or  range  rate  information  is  available  for  AOJ,  the 
display  is  somewhat  modified •  The  Rmax  %in  ^-ights  do  not  function 
and  the  outer  collapsing  circle  is  blanked.  The  maximum  allowable  error 
circle  is  held  at  a  constant  radius  of8*5*=^2®.  A  constant  range  of 
3  nautical  miles  is  inserted  into  the  steering  equations  thereby  causing 
the  Interceptor  to  fly  an  approximate  deviated  pursuit  course  at  long 
ranges.  The  scope  display  is  shown  on  Fig.  6. 

Track  Presentation  -  Attack  While  Search  Mode 

Since  this  mode  is  flown  entirely  in  search  there  is  no  track 
presentation* 

Switching  From  Search  to  Track 

At  the  beginning  of  each  attack,  the  display  Is  in  the  search  mode. 
At  some  time  after  the  beginning  of  the  attack,  the  target  dot  suddenly 
appears  on  the  display  indicating  that  .AI  radar  detection  range  has  been 
reached.  At  this  time,  in  the  Normal  and  HOJ  modes,  the  radar  operator 
positions  the  acquisition  symbols  over  the  target  dot  and  depresses  the 
lock-on  button  located  on  the  lock-on  control  handle.  By  keeping  the 
lock-on  button  depz'essed,  the  system  locks-on  (the  display  switches  from 
search  to  track)  when  the  following  conditions  are  met: 

a.  Target  dot  is  bracketed  by  acquisition  symbols  when  lock-on 
button  is  initially  depressed. 

b.  Ten  seconds  have  elapsed  since  the  target  was  detected. 

The  ten  second  time  interlock  is  not  a  part  of  the  actual  weapon  system, 
but  is  chosen  to  allow  for  possible  lock-on  difficulties  in  combat. 

For  the  AOJ  runs,  the  system  automatically  switches  from  search  to 
track  at  Al  radar  detection  range;  thus,  ‘'locking-on'^  Is  not  necessary. 
The  system  always  remol^ns  in  the  search  mode  in  the  attack  while  search 
investigation . 

Data  Presentation 


The  data  collected  from  the  sJjau^Gtion  ic  recorded  in  two  different 
forms : 


/ 


CONFIDENTIAL 


CONFIDENTIAL 


a .  Brush  recordings 

b ,  X-Y  plotter 

The  time  histories  of  all  the  impoi’tant  simulation  variables  are 
recorded  on  four  brush  recorders  having  six  channels  apiece*  A  description 
of  each  variable  is  listed  as  it  appears  on  the  recorder. 


Recorder  1  -  Success  or  Failure  Relationships 


a.  R  -  true  range,  nautical  miles 

The  line  of  sight  distance  between  the  target  and  interceptor 

^iriax  ^min  "  first  and  second  pips  respectively,  ixidicating 
the  true  maximum  and  minimum  aerodynamic  range  of-the  missile  as 
determined  in  the  range  interlock  computer  when  the  correct 
geometrical  quantities  are  used  as  inputs* 


^display  "  apparent  range,  nautical  miles 

The  value  of  range  presented  on  the  display  as  determined  by  the 
systems  memorized  geometrical  inputs 


RmaxaisDlav  second  pips  respectively, 

indicating*^the  maximum  &ia*^minim\am  aerodynamic  range  of  the  missile 


as  presented  on  display  when  the  memorized  geometrical  quantities 
are  used  as  inputs  to  the  range  interlock  computer* 


c.  Ejjiax  -  allowable  launch  error,  degreet 

The  maximum  allowable  deviation  in  the  error  plane  from  the  correct 
interceptor  heading  for  successfully  launching  a  missile  when  the 
correct  geometrical  quantities  are  used  as  inputs*  The  pips 
indicate  the  depressing  and  release  of  the  firing  button  (pickle). 

^^display  "  allowable  launch  error,  degrees 

The  value  of  allowable  launch  error  presented  on  the  display  as 
determined  by  the  systems  memorized  geometrical  inputs 


e.  Er  -  radial  error,  degrees 


The  radial  deviation  from  a  correct  interceptor  heading  as  determined 
by  the  vector  sum  of  the  true  azimuth  and  elevation  steering  errors 
when  the  correct  geometrical  quantities  are  used  as  inputs . 
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f . 


®%isplay 


-  apparent  radial  error^  degrees 


The  value  of  radial  error  presented  on  the  display  based  on  the 
systems  memorized  geometrical  inputs. 


Recorder  2  -  Space  Geometry  Relationships 

a.  R  -  range  rate,  feet  per  second 

The  closing  velocity  between  the  Interceptor  and  taurget  as  determined 
in  the  radar  range  circuitry  as  if  the  target  was  being  tracked  in 
the  Normal  mode, 

b*  I^display  “  apparent  range  rate,  feet  per  second 

The  value  of  range  rate  presented  on  the  display  as  determined  by  the 
systems  memorized  geometrical  quantities. 

c,  Vp  -  fighter  velocity,  feet  per  second 
The  true  air  speed  of  the  Interceptor. 

d,  -  Elevation  gimbal  angle,  degrees 

The  angle  between  the  radar  gimbal  mechanical  axis  and  the  line  of 
sight  measured  in  the  plane  of  the  elevation  gimbals. 

e,  Xa  “  azimuth  gimb€tl  angle,  degrees 

The  angle  between  the  radar  gimbal  mechanical  axis  and  the  line  of 
sight  measured  in  the  plane  of  the  azimuth  gimbals, 

f ,  Y  -  aircraft  heading  angle  in  the  horizontal  plane,  degrees 

The  fighter  Bulerian  angle,  wind  axis  in  yaw,  with  reference  to  the 
target  track. 


Recorder  3  -  Basic  Aircraft  Parameters 


a,  9  -  aircraft  pitch  angle,  degrees 

The  angular  displacement  from  the  horizontal  about  the  transverse 
axis  (y  axis)  of  the  interceptor.  Pitch  angle  is  positive  when  the 
nose  Is  up. 
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b.  ^  -  aircraft  roll  angle,  degrees 

The  angular  displacement  from  the  horizontal  about  the  longitudional 
axis  (x  axis)  of  the  interceptor*  Roll  angle  is  positive  when  the 
right  wing  is  down, 

c*  p  -  aircraft  pitch  rate,  degrees  per  second 

The  angular  rate  of  change  about  the  transverse  eocis  (y  axis)  of 
the  interceptor. 

d*  Q  -  aircraft  roll  rate,  degrees  per  second 

The  aiigular  rate  of  change  about  the  longitudional  axis  (x  axis) 
of  the  interceptor* 

e.  r  -  aircraft  yaw  rate,  degrees  per  second 

The  angulaur  rate  of  change  about  the  verticsil  eixis  (2  axis)  of  the 
interceptor.  Clockwise  rotation  is  positive. 

f.  N  -  load  factors,  G*s 

The  interceptors  lift  to  weight  (L/w)  ratio 

i.v^corder  4  -  A  Check  on  Recorder  A 

8*  6^1  -  elevation  steering  error,  degrees 

The  deviation  from  the  correct  interceptor  heading  measured  in  the 
plane  of  the  elevation  gimbals. 

^az  ■*  azimus^n  steering  error,  degrees 

The  deviation  from  the  correct  interceptor  heading  measxired  in  the 
plane  of  the  azimuth  gimbals. 

^Q^display  **  s-PPS-rent  elevation  steering  error,  degrees 

The  systems  estimate  of  time  elevation  steering  error  based  on 
memorized  inputs* 


10 


COKFIDERTIAL 


CONFIDENTIAL 


"  apparent  azimuth  steering  error,  degrees 

The  systems  estimate  of  true  azimuth  steering  error  based  on  memorized 
inputs  * 

e,  ^  j  “  elevation  girabal  angle  rate,  degrees  per  second 

The  angular  rate  of  the  line  of  sight  in  the  plane  of  the  elevation 
gimbals » 

f .  0%  -  azimuth  gimbal  angle  rate,  degrees  per  second 

The  angular  rate  of  the  line  of  sight  in  the  plane  of  the  azimuth 
gimbals • 

It  can  be  seen  from  the  above  that  each  recorder  has  a  specific 
function  to  perform.  Recorder  #1  is  sufficient  in  itself  to  tell  whether 
the  attack  is  a  success  or  a  failure.  Recorder  #2  supplies  information 
to  check  the  space  geometry  relationships.  Recorder  provides  a  check 
on  basic  aircraft  parameters.  Recorder  ^  is  useful  as  a  check  on 
Recorder  #1  since  its  information  may  be  used  to  compute  Rtrub  ^DIS* 

A  suaple  brush  recording  is  shown  on  Fig.  7- 

In  the  Normal,  HOJ  and  AOJ  modes  parsJ-lel  computations  of  true  and 
displayed  range,  range  rate,  allowable  launch  error,  azimuth  steering  error, 
elevation  steering  error  and  total  steering  error  are  made.  For  the  AWS 
mode,  the  “displayed**  variables  are  undefined  since  the  system  remains  in 
Search.  In  order  to  evaluate  the  AWS  mode,  the  six  quantities  with  the 
subscript  (DIS)  are  replaced  with  the  following: 

A  Space  stabilized  azimuth  target  position  in  search  (degrees) 

a'  Azimuth  position  of  antenna  center-of-scan  in  search  (degrees) 

E  Space  stabilized  elevation  target  position  in  search  (degrees) 

e'  Antenna  elevation  strobe  position  In  search  (degrees) 

To  supplement  the  information  obtained  by  the  brush  recordings,  Rx 
and  Hy  (the  horizontal  components  of  space  range)  are  mechanized  and  fed 
to  an  X-Y  plotting  board.  The  result  is  a  plot  of  range  versus 
angle-off -the-nose  in  relative  target  coordinates.  At  the  times  when 
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R^nax  %in  equal  to  range,  they  produce  output  pulses  which  trigger 
differentiator  circuits  producing  pips  in  the  Y  channel  of  the  plotter* 
Thus,  the  relative  plots  also  show  the  range  and  angle -of f-the-nose  at  Rjnax 
and  Rinin  for  each  run. 

CRITERIA  FOR  SUCCESS 


For  an  intercept  run  to  be  a  success  in  actual  practice,  the  missile 
must  be  launched  within  an  allowable  launch  error  and  within  its  aerodynamic 
range  capability.  This  same  success  criteria  was  employed  in  reducing 
the  data  resulting  from  the  simulation  effort.  For  the  run  to  be  scored 
as  a  success  the  actual  launch  error  at  the  time  the  launch  button  was 
pressed  (or  when  interlock  permits  missile  launch)  must  be  equal  to  or  less 
than  the  allowable  launch  error,  and  the  actual  range  must  be  less  than  the 
maximum  aerodynamic  range  of  the  missile  (Rmax)  greater  than  the  minimum 
aerodynamic  range  (Rmin)*  allowable  launch  error  was  obtained  from  the 

following  equation: 


Ejnax  ~  ^  ^3  R 


^max 


Vc  "  KiVf 


K2 


Vc  -  KiVf 


^max  limited  to  15”  or  less 
X  *  3” 

Ki  *  0.75 

K2  *  0.005^”  per  foot  per  second 
*  0.015 

Vc  *  closing  velocity 
Vf  «  interceptor  velocity 

Tha  aerodynamic  ranges  were  obtained  using  the  calculated  velocities  from 
the  v^:eometry  for  the  particular  course  of  interest. 

FJ»T  CONTROL  INVESTIGATION 


The  interceptor  is  vectored  in  a  horlzonteil  plane  along  a  pure 
co.  .Sion  course  to  the  point  of  AI  radar  detection  at  an  angle  To  off  the 
nose  of  the  target.  The  locations  of  the  interceptor  course  at  detection 
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are  dispersed  in  a  horizontal  plane  in  accord  vith  the  normal  probability 
distributions  of  vectoring  errors  and  detection  range  with  standard 
deviations  of  3  nautical  miles  and  3*6  nautical  miles,  respectively 
(Refs.  1  and  2). 

The  area  in  which  the  possible  locations  of  the  interceptor  at  detection 
are  dispersed  is  divided  into  8  rays  2  nautical  miles  by  12  nautical  miles 
parallel  to  the  ideal  vectoring  ray,  Bach  ray  is  given  a  statistical 
weight  due  to  vectoring  error  distribution.  In  addition, each  ray  is 
divided  into  6  blocks  2  nautical  miles  by  2  nautical  miles  weighted 
according  to  range  distribution  as  shown  on  Fig.  8, 

At  lock-on  the  interceptor  pilot  maneuvers  his  aircraft  so  as  to  drive 
to  zero  any  steering  errors  present.  The  method  of  maneuvering  is  dependent 
on  the  type  of  track  mode  employed;  however,  in  all  cases  the  interceptor 
must  not  exceed  3g’3  normal  acceleration  (Ref.  3)»  All  attack  modes 
considered  are  identical  prior  to  the  point  of  AI  radar  detection.  The 
attack  mode  is  classified  according  to  the  method  of  operation  after  detection 
of  the  target. 

Normal  Attack  Mode 


The  purpose  of  this  phase  of  the  investigation  was  to  establish  AMCS 
capability  under  selected  realistic  tactical  conditions.  The  results 
obtained  were  used  as  a  training  medium  and  as  a  reference  level  for  determi¬ 
ning  success  in  following  phases . 

In  the  simulation  of  the  Normal  Attack  mode  there  is  no  enemy  counter¬ 
measures.  The  radar  operator  is  prevented  by  a  10  second  timer  from 
completing  lock-on  sooner  than  ten  seconds  after  detection.  This  is 
considered  to  be  a  realistic  delay  for  the  detection  to  lock-on  process 
(Ref.  3)»  After  lock-on,  the  search  display  is  replaced  by  the  track 
display  which  is  driven  by  the  airborne  computer  using  the  true  range  emd 
range  rate.  The  pilot  then  converts  to  a  true  lead-pursuit  course  by  flying 
the  steering'  error  dot  to  the  center  of  the  scope  and  keeping  it  there.  The 
missiles  are  launched  by  depressing  the  missile  launch  button  on  or  after 
the  presentation  of  the  Rmax  signal  and  before  the  presentation  of  the  Rmin 
signal. 

Conditions 


In  this  phase  of  the  investigation  all  attacks  were  conduoted  under 
co-altitude  conditions  at  50^000  ft  altitude.  The  interceptor  velocity  (Vp) 
was  Ymax  at  the  start  of  the  run  and  the  target  velocity  (Vy)  =*  m  2.0. 
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The  interceptor  was  vectored  on  a  pure  collision  course •  After  AI  radar 
lock-on  the  aircraft  flies  the  normal  lead  pursuit  course.  Two  target 
aspect  euigles  (to)  were  investigated,  15"'  and  30®  (Pig.  9)»  The  hoxes  in 
the  probability  grid  from  which  intercept  rune  were  made  are  as  follows: 

To  =  15°  A-4,  B-4,  D-3,  E-2,  F-5 

To  =  30’  B-3,  D.4,  E-2,  F-5,  G-4 

Twenty  runs  minimum  (10  right  and  10  left)  were  made  in  a  random  fashion 
from  each  of  the  selected  boxes  in  the  probability  grid. 

The  interceptor  aircraft  employed  is  the  p4H-1.  The  performance  of 
this  aircraft,  as  simulated,  is  described  in  detail  in  Ref.  4.  The  missile 
characteristics  used  in  this  simulation  are  those  of  the  Sparrow  IIl6a  and 
are  described  in  detail  in  Ref.  5*  Some  of  the  pertinent  factors  axe  as 
follows : 

Vo  =  1000  [l  +  0.3  (1  -  ^)] 

Vq  =  average  velocity  above  launch  velocity 
Rmax  =  Rl(jj)  +  (Vc  -  Vp) 

^l(h)  “  -26.560  log  —  11000 

Ti  =  11  seconds  for  Vq  >  Vp 
Tl  =  -5.95  log  ^  +  4.4  for  Vc  <  Vp 
Rfflin  =  ^2^0 

R2(h)  =  -3‘^‘<-2  log  ^  +  2200  ft  from  0  to  30,000  ft  altitude 
^2(ii)  “  -10.480  log  -  1480  ft  from  30,000  ft  to  70,000  ft  alt 
P  =  pressure  at  altitude 
PgL  -  pressure  at  sea  level 
Tg  =  4,3  seconds 

i  Rcw  n 

^  (az  steering  error)  =  -  Vq  Sin  Xa J  57.3 

3400 
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€QQ^(el  steering  error)  *  [^7^  *“  ^  57*3  -  0.48 << 

3^00 

oC  *  aerodynamic  angle  of  attack 

3  line  of  sight  rotation  rate  in  azimuth 
coj  «  line  of  sight  rotation  rate  in  elevation 
R  a  fighter  to  target  range 
Xa  »  azimuth  gimbad  angle 
Xe  »  elevation  gimbal  angle  ^ 

Snglish  bias  is  assmed  correct  for  all  launching  stations «  Missile 
gimbal  limits  are  i  46"^  in  azimuth  and  elevation. 

The  target  is  of  B-47  radax’  size.  The  AI  radar  is  as  defined  in  Ref-  6. 
Its  high  probability  detection  capability  is  19  nautical  miles  head-on 
against  the  B-47  size  target  closing  at  M  3*6-  The  radar  gimbal  limits  are 
±  57". 

Results 

The  inltied  conditions  for  the  two  sets  of  runs  used  in  this  phase  of 
the  investigation  are  given  on  Tables  I  and  2*  One  hundred  runs  were  made 
for  conditions  given  on  each  of  these  tables  (total  of  two  himdred  runs). 

The  first  column  on  these  tables  gives  the  run  numbers  1  through  10, 

Initial  aspect  angle,  whether  the  run  was  initiated  from  the  right  or 
left-hand  side  of  the  target,  and  the  box  in  the  probability  grid.  For 
example  1-15L-A4  is  run  niomber  1,  Tq  =  15">  left-hand  side  of  target  and 
box  a4.  The  second  colimm  gives  the  range  at  which  the  run  started  (Rq). 

The  third  column  gives  the  initial  aircraft  heading  angle  (Vq).  The 
actual  detection  range  (R^)  is  given  in  the  fourth  column.  The  initial 
elevation  (xoq)  and  azimuth  (Xao)  gimbal  angles  aure  given  in  the  last  two 
columns  - 

The  results  of  the  simulation  of  these  two  hundred  runs  are  given  on 
Tables  3  and  4.  The  number  of  successes  for  each  ten  runs  are  given.  The 
reasons  for  the  failures  are  listed.  For  the  group  given  on  Table  3  there 
were  96  complete  runs,  85  successes,  9  failures  due  to  too  large  a  steering 
error,  2  failures  due  to  failure  to  fire  when  permissible  and  4  incomplete 
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runs.  Thus  there  were  96  valid  runs.  This  represents  ^  or  88,6^  suacess* 
The  second  group  of  runs  yielded  79^^  probability  of  success.  These  runs 
will  be  used  as  the  standard  for  measuring  the  capability  of  system 
operation  in  degraded  or  countermeasures  environment.  The  probabilities 
associated  with  each  box  in  the  detection  grid  are  given  on  Fig.  9* 

Evaluation  of  the  Normal  mode  simulation  results  are  given  on  Tables 
3.1  through  4.5,  The  first  column  gives  the  run  number  and  consists  of 
runs  1  to  200.  The  code  given  in  the  second  column  is  the  same  as 
described  previously.  The  third  column  tells  whether  launch  occurs  between 
^max  %in'  allowable  launch  error  (Emax)  actual  radial 

error  (Sr)  are  given  at  the  firing  point  and  at  a  point  2  seconds  after 
firing.  Two  seconds  is  the  time  elapsed  from  ’’pickel"  to  the  Instant  that 
the  missile  leaves  the  aircraft.  The  last  two  columns  list  pertinent 
remarks  and  describe  whether  the  run  was  a  success  or  failure. 

These  results  are  obtained  as  follows :  The  recordings  for 

each  run  is  first  inspected  to  determine  whether  a  missile  has  been  fired 
during  the  run.  If  a  firing  does  occur,  the  next  step  is  to  determine 
whether  the  firing  occurs  between  Rmax  ^min*  This  is  easily  done  by 
observing  the  range  channel  of  the  brush  recording  (containing  Rmax 
%in  indications)  which  is  located  next  to  the  Einax  channel  as  shown  on 
Fig.  7*  If  the  missile  firing  does  occur  between  Rmax  ^min^  then  the 

run  will  be  considered  a  success  if  the  maximum  allowable  launch  error 
(®max)  Is  greater  than  or  equal  to  the  true  radial  steering  error  (Er) 
for  approximately  2  seconds  after  firing.  Thus,  the  values  of 
Er  are  tabulated  at  time-of-fire  and  also  time-of-fire  plus  2  seconds. 

If  at  both  evaluation  points  Emax  ?  then  the  run  is  recorded  as  a 
success .  However,  if  the  condition  ^  ®R  Isolds  true  for  one  of 

the  two  evaluation  points,  the  run  is  considered  marginally  successful  and 
is  BO  indicated.  If  Ej^  >  Emax  both  evaluation  points,  then  the  missile 
firing  is  assumed  to  be  an  error  in  pilot  judgement  and  the  run  is  labeled 
a  failure. 

If  missile  firing  occurs  before  Rmax  i®  reached,  it  does  not  necessarily 
imply  failure  since  there  is  an  interlock  .present  in  the  system  which  will 
not  allow  the  missile  to  be  fired  until  Rmax  I®  reached.  In  such  a  case, 
the  evaluation  points  do  not  begin  with  time-of-fire.  The  first  evaluation 
is  taken  at  Rmax  second  evaluation  at  two  seconds  after  Rmax  has 

been  attained.  Determination  of  success  or  failure  is  then  undertaken 
exactly  as  described  above. 


^he  recorded  E^ax  I®  exactly  that  determined  from  the  E^ax  e<luation  and 
can  assume  any  positive  value.  However,  the  "the  pilot  observes 

on  his  scope  is  limited  to  a  maximum  of  15^*  Thus,  when  reading  the  results, 
values  of  Emax  greater  than  15°  should  he  interpreted  as  being  equal  to  15*^. 
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If  missile  firing  occui’s  after  is  attained  the  run  is  considered 
a  failure  with  no  additional  evaluation  necessary. 

If  there  is  no  missile  firing  at  any  time  during  the  run,  Bcjax 
are  tabulated  at  Rjnax  a^d  also  at  Rmax  2  seconds .  If  Ej^  is  always 
greater  than  i*^  il^i®  ^^egion,  the  run  is  a  failure  due  to  excessive 
steering  errors.  If  is  approximately  equal  to  in  this  region,  the 
run  is  considered  marginally  successful,  but  it  is  still  recorded  as  a 
failure.  If  Ejjiax  >  %  iu  this  region,  the  run  is  also  labeled  a  failure, 
even  though  the  pilot  could  have  fired  successfully.  Runs  of  this  type 
are  Indicated  by  inserting  the  remark  could  have  fired"  in  the  REMARKS 
column  of  the  results » 

One  other  evaluation  which  has  not  been  previously  mentioned  is  the 
"Incomplete"  run.  An  incomplete  run  is  one  in  which  one  of  the  initial 
conditions  of  the  run  had  been  inserted  incorrectly  but  was  not  discovered 
until  the  data  was  analyzed.  These  runs  are  not  considered  in  an  evaluation 
of  results . 

HOJ  Attack  Mode 


The  purpose  of  this  phase  of  the  investigation  was  to  determine  the 
capability  for  .solving  the  fire  control  problem  in  the  presence  of  counter¬ 
measures  using  Ihe  current  HOJ  mechanization.  The  results  will  be  compared 
with  those  of  the  Normal  inode  to  determine  relative  capability.  In 
addition,  the  results  will  be  examined  to  deteimiiDe  if  improvements  can  be 
made  In  this  HOJ  mechanization. 

Conditions 


In  this  phase  of  the  study,  the  initial  conditions  are  the  same  as 
those  described  in  the  preceding  section  for  the  Normal  mode  except: 

a.  Jammed  environment. 

b.  It  is  assumed  that  the  radar  has  locked  on  and  the  computer  has 
settled  on  a  solution  before  countermeasures  sxart. 

c.  The  countermeasures  continues  throughout  the  run  at  a  level  sufficient 
to  keep  the  system  in  HOJ. 

d.  Continuous  angle  information  is  available. 
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e.  The  lead  pursuit  course  computation  is  based  on  the  last  known 
range  and  range  rate »  The  effect  of  integrator  drift  on  the 
computation  of  range  in  the  HOJ  mode  is  simulated  by  adding 

2 ,71  +  3  ft  per  second  to  the  last  known  value  of  range  rate, 
where  t  is  the  time  in  seconds  after  the  HOJ  mode  is  initiated, 

f.  The  HOJ  track  presentation  is  similar  to  the  Normal  presentation 
except  that  a  light  signals  the  existence  of  the  HOJ  mode.  The 
steering  error  is  reduced  by  plying  the  steering  error  dot  to  the 
center  of  the  scope  as  in  the  Normal  mode.  However,  due  to  the 
degraded  range  Information,  zeroing  of  the  steering  error  dot 
will  not  reduce  the  true  steering  eri*or  to  zero. 

Results 


The  initial  conditions  for  the  two  sets  of  runs  used  in  the  HOJ  phase 
of  the  investigation  are  the  same  as  those  used  in  the  Normal  mode  and  are 
given  on  Tables  1  and  2. 

A  summary  of  the  results  of  the  HOJ  mode  for  the  two  hundred  simulation 
runs  are  given  on  Tables  5  and  6. 

From  Table  5^  the  overall  probability  of  success  for  Runs  201-300 
is  and  from  Table  6,  the  overall  probability  of  success  for  Runs  301-400 
is  72^*  Comparable  results  given  previously  for  the  Noritial  mode  of 
operation  were  88. 65^  and  79^.  Thus,  for  runs  \/hi.oh 

succeeded  in  the  Normal  mode  of  operation  ^  =  91^^  succeeded 

in  the  HOJ  mode.  These  results  are  very  encouraging  and  inaicate  that 
absolute  and  continuous  range  information  may  not  be  essential  to  successful 
missile  launch. 

As  in  the  Normal  mode,  the  cases  which  most  degraded  the  performance 
are  Cases  1  and  10.  Case  1  resulted  in  zero  successes  per  20  trials  and 
Case  10  resulted  in  8  successes  per  20  trials.  The  performance  of  Case  10 
was  improved  from  that  shown  in  the  Normal  mode  due  to  using  a  larger 
initial  range  beginning  with  Run  237* 

Case  6,  which  was  very  successful  in  the  Normal  mode,  was  successful 
for  only  four  trials  in  20  attempts  in  the  HOJ  mode.  The  reason  for 
failure  In  every  instance  was  a  tendency  to  fire  before  the  true  maximum 
firing  range  wa-s  attained.  This  phenomenon  will  probably  appear  for  all 
further  high  angle-off  courses  in  subsequent  reports.  The  course  begins 
at  4o®  off  the  nose  of  the  trarget  and  is  forced  back  towards  the  tail  due 
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to  geometry*  The  value  of  range  rate  thus  becomes  less  negative  as  the  course 
progresses  and  the  actual  range  closes  more  slowly  than  Is  indicated  by  the 
constant  range  rate  fed  to  the  range  integrator.  Thus  the  in-range"  light  is 
triggered  when  the  actual  range  is  still  too  great  for  a  successful  launch. 

An  evaluation  for  the  200  HOJ  runs  is  given  on  Tables  5*1  through  6.5. 

The  differences  in  these  tables  and  those  described  previously  for  the 
Normal  mode  are  as  follows: 

a.  Column  3  gives  the  polarity  of  the  drift  in  the  integrator 
associated  with  range  rate  computation. 

b.  Both  true  maximum  allowable  launch  error  and  maximum  allowable 
error  as  computed  in  HOJ  are  recorded. 

c.  The  time  radial  error  and  the  radial  error  as  computed  in  HOJ  are 
given. 

The  criteria  for  success  is  the  same  as  that  employed  in  the  Normal 
mode  except  launch  must  occur  between  Rmax  and  Rmin-  In  the  Normal  mode, 
pressing  the  laiinch  button  before  is  reached  will  not  result  in  a 

failure  since  an  ^interlock  prevents  ^unch  until  I^nax  i®  reached.  This  is 
not  the  case  In^^he  HOJ  mode.  If  the  missile  firing  occurs  more  than  one 
second  before  Rmax  reached,  the  run  is  a  failure  since  the  interlock 
is  disabled.  For  early  firings  of  less  than  one  second,  the  run  is  termed 
a  marginal  failure  or  an  outright  failure  depending  on  the  values  of  Emax 
at  time-of -f ire . 

AOJ  Attack  Mode 


The  purpose  of  this  phase  of  the  investigation  was  to  determine  the 
capability  for  solving  the  fire  control  problem  in  the  presence  of  counter¬ 
measures  using  the  current  AOJ  mechanization.  The  results  will  be  compared 
with  those  obtained  previously  for  the  Normal  mode  and  HOJ  mode  of  attack. 
An  examination  will  be  made  of  the  results  to  see  if  improvements  can  be 
made  in  the  mechanization  or  in  the  attack  doctrine. 

Conditions 

In  this  phase  of  the  study  the  initial  conditions  (conditions  at  AI 
detection)  are  the  same  as  those  given  previously  for  the  Normal  mode  of 
operation  except: 
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a.  Range  information  is  never  available  to  the  AI  radar,  (angle 
lock-on  only)  countermeasures  exists  throughout  the  run. 

b.  Continuous  angle  information  is  available. 

c.  Initial  range  input  at  the  start  of  the  fire  control  problem  is 
obtained  from  Airborne  Early  Warning  (AEW)  at  normal  AI  radar 
detection  range.  The  AEW  range  accuracy  is  such  that  la  =  ±  3 
nautical  miles. 

In  the  AOJ  mode,  lock-on  and  the  initial  determination  of  range  and 
range  rate  is  assumed  denied  by  countermeasures.  Thus,  the  AOJ  mode 
light  and  the  AOJ  track  display  are  presented  at  detection  range  in  this 
simulation.  Since  a  constant  range  of  3  nautical  miles  is  inserted  into 
the  steering  equations,  the  course  is  an  approximate  deviated  pursuit  course 
(lead  pursuit  dictated  by  a  fixed  range  input)  at  long  ranges  when  coj  and 
are  small.  The  R  term  in  the  and  €az  equations  will  be  3  -  0*5 

The  firing  interlocks  are  shorted.  The  allowable  steering  error  circle  is 
fixed  at  8.5^  -  2".  No  range  to  impact  is  presented.  The  range  to  go 
circle  is  blanked.  The  Rmax  circle  is  removed  and  there  is  no  range  rate 
slash. 

As  stated  previously,  the  range  information  transmitted  from  AEW  to 
the  interceptor  has  a  distribution  such  that  lo  =  t  3  nautical  miles.  In 
the  simulation  a  set  of  random  niimbers  were  generated  and  used  in  presenting 
range  information  to  the  computer  thus  giving  this  distribution. 

Armed  with  this  value  of  range,  and  knowing  his  interceptor  speed  and 

the  approximate  target  speed,  the  pilot  proceeds  to  fly  the  course  and  try 

to  decide  when  he  is  within  the  missile  firing  range. 

When  the  pilot  feels  that  he  is  within  the  firing  range,  he  depresses 
the  firing  button  and  continues  to  fly  the  course.  If,  after  10  seconds 
from  firing  the  missile,  the  pilot  is  still  able  to  fly  the  course  without 
experiencing  large  accelerations,  he  accepts  this  condition  as  an  indication 
that  he  has  either  fired  too  early  or  that  he  Is  flying  a  head-on  attack. 

If  he  chooses  to  assume  that  he  has  fired  too  early,  he  can  exercise  his 
option  of  firing  a  second  missile.  If  only  one  missile  is  fired  In  a 
particular  run,  the  run  is  evaluated  as  described  previously.  However,  if 

the  pilot  fires  early  and,  realiziiig  his  mistake,  fires  a  second  time 

while  in  the  missile  launch  zone,  the  run  is  labeled  a  success. 
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Results 

The  Initial  conditions  for  the  two  sets  of  runs  used  in  the  AOJ  phase 
are  the  same  as  those  given  for  the  Normal  attack  phase  on  Tables  1  and  2. 

A  summary  of  the  results  of  the  AOJ  mode  for  the  two  hundred  simulation 
runs  are  given  on  Tables  7  and  8. 


From  Table  7^  the  overaull  probability  of  success  for  Runs  401-500 
is  ^d  from  Table  8;.  the  overall  probability  of  success  for  Runs 
501-600  is  37^t*  This  compares  to  68.6  and  7936  success  for  the  Normal 
mode  of  operation. 

It  was  fo^Ind  that  the  method  of  using  the  range  information  obtained 
from  CIC  at  time  of  detection  is  practically  worthless  to  the  Interceptor 
pilot  for  the  following  reasons.  The  pilot  is  supposed  to  calculate  the 
approximate  time-to-go  by  assuming  a  head-on  attack,  thus 

where  tg  =  time-to-go 

Rcic  =  the  range  supplied  by  CIC  (which  may  be  in  error 
by  ±  6  nautical  miles) 

Rmflv  =  maximum  launch  range  of  missile  6.5  nautical  miles) 
Vrp  »  target  speed 
Vp  =  interceptor  speed 

2 

+  Vp  «  4000  ft  per  second  ^  nautical  miles  per  second 

From  the  above  one  can  see  that  a  q.uick  mental  calculation  of  time-to-go 
is  obtained  by  subtracting  6.5  from  Rcic^  then  multiplying  the  resTilt  by 
1.5*  Once  tg  is  known,  the  pilot  can  mentally  coimt  off  tg  seconds  from 
detection  ana  then  fire  the  missile.  The  problem  which  arises  is  that 
both  the  mental  calculation  and  the  count  off  are  to  start  at  detection. 

The  pilot  must,  therefore,  do  both  simultaneously  while  flying  the  aircraft. 
Finally,  even  if  the  pilot  does  the  job  perfectly,  the  i  6  nautical  miles 
possible  error  in  RciC  indicates  that  the  tg  calculated  may  be  in  error  by 
±  10  seconds* 
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The  entire  procedure  became  so  confusing  after  approximately  ^0  runs 
were  made,  that  the  pilot  began  to  fire  by  intuition  with  no  degradation 
in  results*  After  settling  the  initial  tracking  error,  the  pilot  flew  the 
course  until  normal  accelerations  of  2  to  2*5  g's  were  required*  At  this 
time  he  would  fire  and  continue  to  fly  the  course.  If,  after  10  seconds 
from  firing,  the  pilot  was  still  able  to  fly  the  course  without  experiencing 
large  accelerations,  he  accepted  this  condition  as  axi  indication  that  he 
had  either  fired  too  early  or  that  he  was  flying  a  head-on  attack.  If  he 
chose  to  assume  that  he  had  fired  too  early,  he  would  fire  another  missile 
at  this  time. 

An  evaluation  of  the  results  for  the  AOJ  mode  are  presented  on 
Tables  7.1-8, 5  and  consist  of  Buns  401-600.  These  results  are  presented 
in  a  slightly  different  manner  than  those  of  the  Normal  and  HOJ  modes, 
the  differences  being  that  there  is  no  tabulation  of  Emax  and  for 
time-of-flre  plus  two  seconds.  However,  values  of  Bmax 

tabulated  at  Rmax  %in  These  are  included  since,  having 

no  range  information,  the  pilot  is  liable  to  fire  at  any  time  and  if  he  ^ 
does  fire  while  far  from  the  missile  launch  zone,  there  would  be  no  infor¬ 
mation  available  concerning  steering  errors  and  allowable  errors  in  the 
missile  launch  zone.  When  this  information  is  available,  attacks  which 
are  failures  due  to  early  firings  are  still  useful  in  that  a  measure  can 
be  made  of  potential  success  had  the  pilot  fired  in  the  proper  zone. 

Attack-While-Se€U*ch  Mode 


The  purpose  of  this  phase  of  the  investigation  was  to  determine 
system  capability  for  solving  the  fire  control  problem  in  the  presence 
of  anticipated  countermeasxires  techniques  by  staying  in  the  Search  mode 
of  the  AI  radar. 

Conditions 

In  this  phase  of  the  study  the  initial  conditions  are  the  same  as 
those  given  previously  for  the  Normal  mode  of  operation  except  in  this 
mode  lock-on  is  not  attempted  and  the  search  display  remains  on  in  narrow-scan 
throughout  the  attack.  The  antenna  uses  a  S-'bar  Palmer  scan.  The  bars 
are  separated  by  3*75^  ^  0.5^  vertically,  and  extend  ^  1^^  from  cent er-of -scan 
in  azimuth  when  in  narrow-scan.  The  overall  effective  narrow-scan  pattern 
is  approximately  3^^  by  12^,  and  the  center-of-scsua  is  positioned  horizontally 
and  vertically  by  means  of  the  radar  operator's  control  handle.  The  radar 
operator  positions  the  antenna  in  elevation  by  regarding  the  intensity  and 
frequency  of  appearance  of  the  target  dot.  Target  intensity  varies  as  a 
function  of  the  position  in  the  scanned  beam. 
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The  scan  pattern  and  the  scope  display  are  space-stabilized,  with  the 
center  of  the  scope  representing  deeid-ahead  along  the  RGMA  longitudinal 
axis.  The  pilot  obtains  the  target  azimuth  angle  from  the  B  scope  display, 
and  the  elevation  angle  from  the  antenna  elevation  marker.  Using  this 
aiigular  Information  he  attempts  to  fly  a  deviated  pursuit  course.  Therefore, 
instead  of  zeroing  a  steering  error  dot,  the  pilot  tries  to  keep  the  target 
dot  positioned  on  some  predetermined  constant  azimuth  antenna  angle. 

The  signal-to-nolse  ratio  was  varied  according  to  the  probability  of 
detection  in  the  specific  cases  and  continued  to  vary  as  a  function  of 
reuige.  The  attack  course  flown  was  a  deviated  pursuit  course  with 
constant  lead  angles  of  10"*,  18^  and  25®.  Two  hundred  rtma  were  made  for 
each  of  these  lead  angles. 

Results 

The  initial  conditions  for  the  AWS  investigation  are  the  same  as 
those  given  for  the  normal  attack  phase  on  Tables  2  and  3* 

Tables  9  through  14  give  the  results  for  the  AWS  investigation.  The 
percent  of  successes  are  given  at  the  bottom  of  each  of  these  tables.  In 
addition  to  determining  the  percentage  of  successes,  the  potential 
successes  are  also  calculated.  If,  on  a  particular  run,  Bmax  ^  Sr  at 
Bmin  ^  Smax  then  the  run  is  termed  a  potential  success  even  though  it  may 
have  been  aborted  due  to  an  early  or  late  firing.  A  condensation  of  the 
results  are  as  follows; 


I2 

Lead 

Angle 

$  Actual 
Successes 

$  Potential 
Successes 

601-700 

10° 

53 

68 

701-800 

15“ 

10" 

31 

53 

801-900 

18* 

59.6 

72.8 

901-1000 

or 

30“ 

1 

18“ 

22 

1^9 

1001-1100 

25“ 

39 

53 

1101-1200 

25° 

12 

33 

Pertinent  data  related  to  e^ach  of  these  AWS  runs  are  given  on  Tables 
9.1  through  14.5* 

The  only  difference  between  Runs  601-700  and  701-800  is  that  every 
right-handed  attack  in  Rtxns  601-700  becomes  a  left-handed  attack  in  Rims 
7OI-80O  and’  vice  versa.  However,  the  percentage  of  successes  and  potential 
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successes  are  significantly  higher  for  Runs  601-700  than  for  Runs  701-800. 
This  same  phenomenon  appears  when  Runs  8OI-90O  are  compared  with  Runs 
901-1000.  The  lower  numbered  sets  yielded  the  highest  probabilities  of 
success  in  each  case. 

The  explanation  for  these  diffeTrences  is  that  Runs  70I-8OO, 

9OI-IOOO,  and  1101-1200  were  flown  before  the  corresponding  lower 
numbered  runs  in  each  set  and  the  differences  in  probability  of  success 
reflect  the  learning  process  of  pilot  and  radar  operator,  neither  of 
whom  had  flown  this  type  of  attack  previously. 

Summary  of  Results 

A  condensed  summary  of  the  results  obtained  for  all  phases  of  the 
investigation  is  given  on  Table  I5.  The  combined  results  (probability 
of  success)  for  all  runs  associated  with  each  mode  is  given  in  Column  2. 

For  the  Normal  mode  of  operation  this  probr.billty  of  success  is  83.7?t* 

Using  the  Normal  mode  results  as  a  standard  the  results  given  in  Column  3 
arn.  obtained.  For  example,  referring  to  Column  2,  opposite  HOJ,  we  see 
that  the  actual  probability  of  success  is  73?t*  However,  under  the  beet 
conditions  (Normal  mode)  only  87.2^  success  was  available.  Thus  the  HOJ 
mode  is  87^  f  good  as  the  best  mode  (Normal)  of  operation.  Comparable 
results  8u:e  gxven  for  the  other  modes  investigated.  The  high  level  of 
success  achieved  for  all  modes  is  encouraging.  In  the  AWS  investigation 
10 lead  angles  yielded  the  highest  probability  of  success  (50.2^  of  the 
best  available). 

CONCIJt^IONS  AND  RECOMMENDATIONS 

The  purpose  of  this  study  effort  is  to  establish  the  minimum  fire 
control  rc^^'5.  rueni  0  successfully  launch  an  air  to  air  missile.  Many 
people  familiar  w:Voh  and  qualified  in  the  field  of  airborne  fire  control 
systems  believe  that  these  systems  have,  through  au  evolutionary  process, 
become  overly  complex  in  terms  of  the  desired  tactical  capability.  With 
the  advent  of  missiles  as  a  weapon,  it  would  seem  logical  that  the 
tolerances  of  angle ^  nge  and  computer  parameters  could  be  Increased 
beyond  that  requireu  for  the  predecessor  gun  and  rocket  systems  and  still 
provide  a  satisfactory  solution  to  the  problem.  Such  has  not  been  the 
case,  since  the  equipment  designers  tend  to  provide  as  high  a  degree  of 
accuracy  as  the  state-of-the-art  will  allow. 

In  the  preceding  sections,  data  has  been  presented  which  describes  the 
tactical  capability  of  the  F4H-1  system  when  used  in  the  various  mechanized 
modes  of  operation.  The  results  for  each  mode  have  been  compared  and  trends 
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indicated  as  the  input  information  accuracy  Is  progressively  decreased 
from  that  available  in  the  Normal  mode  of  operation,  to  HOJ  mode,  to 
AOJ  mode  and  finally  AWS  mode.  It  is  now  important  to  examine  in  detail 
the  data  recorded  for  each  mode  of  operation  to  determine  If  simple  fixes, 
change  in  doctrine  or  pilot -operator  Judgement  can  be  employed  to  enhance 
the  operational  capability  of  the  system  in  degraded  modes  of  operation • 

This  in  turn  will  serve  as  clues  to  where  system  simplification  could 
result  and  still  permit  the  development  and  employment  of  a  tactically 
useful  system.  While  the  study  results  presented  in  this  report  are 
preliminary  in  nature  they  will  provide  guidelines  for  future  investi¬ 
gation. 

It  would  be  premature  to  postulate  the  true  requirements  for  a  system 
to  control  the  launching  of  an  air  to  air  missile  at  this  time.  It  can  be 
stated  that  recommendations  for  simplifying  current  systems  will  be  forth¬ 
coming.  Several  of  these  recommendations  are  being  programmed  into  this 
study  effort  for  verification  prior  to  final  system  evaluation.  Some  of 
these  recommendations  and  observations  are  as  follows: 

a.  From  the  comparison  of  the  results  of  the  Normal  mode  and  the 

HOJ  mode,  it  appears  that  a  simple  fixed  analog  of  range  rate,  in  a  typical 
lead  pursuit  course,  operating  on  memorized  range  would  provide  the  system 
adequate  range  and  range  rate  information.  The  effects  of  interceptor  slow 
down  and  changing  geometry,  In  a  lead  pursuit  course,  has  a  much  greater 
effect  on  range  rate  than  the  errors  generated  due  to  open  loop  operation 
of  the  ranging  system  as  shown  on  Fig.  10.  Therefore,  with  range  i^ate 
corrected  for  the  effects  of  reduced  interceptor  velocity  and  geometric 
slow  down,  the  sensitivity  of  range  and  range  rate  accuracy  can  be  defined. 
Another  output  would  be  the  measure  of  absolute  range  rate  accuracy 
requirements  as  pertains  to  the  needs  of  the  weapon.  As  an  example,  the 
Sparrow  III  seeker  requires  range  rate  to  a  given  accuracy  to  set  the  doppler 
speed  gate  in  the  narrow  sweep. 

b.  Range  and  range  rate  are  Inputs  provided  the  interceptor  from  ABW 
or  other  CIC  soiirces.  These  should  be  utilized  to  the  utmost.  Such  infor¬ 
mation  has  associated  errors  predicted  to  be  la  =  t  3  miles  in  range  and 
rates  of  acceptable  accuracy.  Ix  is  the  intent  of  this  study  to  establish 
by  means  of  the  f4h-1  simulation,  the  capability  of  using  this  type  range 
and  range  rate  data  as  inputs  for  computed  solutions.  Airborne  missile 
control  systems,  as  presently  configured,  have  a  requirement  to  provide 
acceptable  range  information  in  the  presence  of  enemy  countermeasures. 

Such  ranging  schemes  are  applicable  to  these  conditions  and  the  AWS  mode. 
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Several  variations  of  utilizing  the  AEW  or  CIC  range  and  range 
rate  infJi.mation  are  contemplated  since  one  has  to  assume  that  the  data 
rate  to  the  interceptor  may  be  degradated  by  either  malfunction  or  enemy 
tr  ctics. 


One  advantage  the  interceptor  has,  when  the  enemy  initiates 
countermeasures  prior  to  normal  detection  ranges,  is  longer  detection  ranges. 

interceptor  team  may  choose  not  to  lock-up  on  the  target  at  these 
xonger  ranges  since  they  have  to  reso7i.ve  a  particular  teurget  in  the  case 
of  multiple  targets  and  in  many  oases  the  probability  of  successful 
conversion  is  enhan.'od  l:y  delaying  the  Initial  maneuver. 

c.  If  the  range  accuracy  requjiements  can  be  reduced,  the  necessity 
for  many  of  the  elab*"  rang^  tracking  circuits,  multipulse  width  trans¬ 
mitters  and  receive  .ed  to  ^-evaluated.  It  is  conceivable  that  a 
single  piilse  width  will  be  s  x  ^icnt,  tcus  negating  the  requirement  for 
w'ide  band, back  bias  recelve.L-s,  etc.  Such  a  statement  may  be  premature, 
but  fur^ther  investigation  of  this  are£^  will  be  made. 

d.  The  AWS  investigation  was  encouraging  and  indicates  that  limitation 
in  this  mode  is  the  data  rate  of  target  infonnation.  In  the  current  mechan¬ 
ization,  the  scan  pattern  (30*  azimuth  and  12®  elevation)  is  too  large  and 
the  antenna  does  not  illuminate  the  target  often  enough.  A  reduction  in 

siL  3  of  the  scan  pattern  after  detection,  to  some  optimum  size,  would 
xcrease  the  data  rate  and  e^.se  the  RIO*s  problem  of  positioning  the 
antenna  on  the  target.  Since  the  RIO  views  a  "B"  scope  (vertical  depicts 
range,  horizontal  depicts  antenna  azimuth  position)  presenting  it  will  be 
necessary  to  improve  the  method  of  Indicating  the  antenna  elevation  position. 
Such  a  mechanization  change  will  be  made  on  the  simulator  and  evaluated  as 
to  its  sufficiency  in  satisfying  the  system  requirements.  The  CW  illumination 
of  the  target  and  the  rear  missile  antenna  after  launch  will  be  one  of  the 
parameters  considered  in  optimizing  this  scan  pattern.  High  on  the  agenda, 
however,  is  to  determine  if  it  is  mandatory  to  continuously  Illuminate  the 
target  with  CW  after  launch  and  if  not  the  duty  cycle  that  can  be  tolerated. 

This  type  of  operation  is  considered  to  be  the  goal  in  system 
:»implification,  since  the  equipment  complexity  would  be  reduced  and  the 
AMCS  would  not  be  susceptible  to  most  enemy  countermeasures. 

e.  From  the  results  of  the  efforts  to  date,  several  trends  have 
been  established  where  certain  parameters  vary  in  a  pattern  that  could  be 
a  clue  to  the  interceptor  team  for  solving  the  problem.  Several  of  these 
trends,  listed  as  follows,  will  be  investigated  and  further  developed  by 
additioneil  simulation. 
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1.  The  range  rate  variation  seems  to  tell  into  a  pattern  which 
lends  Itself  to  approximation  as  mentioned  previously  amd  thereby  should 
provide  a  voltage  that  is  an  indication  of  range,  Apparant  range  rate 
will  more  closely  approximate  true  range  rate  in  the  simulation.  The 
data  from  additional  conversions  will  be  evaluated  to  establish,  when  the 
approximated  range  rate  drops  to  a  given  percentage  of  the  initial  range 
rate,  that  true  range  is  within  the  firing  zone* 

2.  Roll  angle  appears  to  follow  a  pattern  and  the  sign  of  the  roll 
angle  adds  sense  or  polarity  to  this  pattern.  It  is  conceived  that,  given 
knowledge  of  the  roll  angle  characteristics,  the  pilot  could  fly  a  deviated 
pursuit  course  until  his  roll  angle  reached  a  given  value  at  which  time 

he  would  modify  his  roll  angle,  in  the  direction  of  problem  solution,  to 
establish  a  known  displacement.  With  a  known  displacement  in  roll  angle,  . 
other  quantities,  such  as  rate  of  change  of  line  of  sight,  etc.,  will  vary 
such  as  to  provide  an  estimate  of  range. 

3.  It  has  been  noted  in  the  simulation  to  date  that  roll  angle 
and  acceleration  stabilize  near  the  maximum. 

4.  The  elevation  and  azimuth  gimbal  space  rates  of  the  line-of -sight 
tend  to  stabilize  at  some  low  constant  value  for  runs  experiencing 
essentially  zero  steering  errors. 

5.  The  success  of  the  HOJ  mode  may  be  improved  to  that  of  the 
Normal  mode,  with  a  simple  interlock  time  delay  limiting  the  release  of 

the  missile  before  true  Rjoax*  This  time  delay  would  function  for  approximately 
2*0  seconds  after  indicated  Rmax  appears  on  the  scope  before  the  missile 
would  be  released,  A  cursory  evaluation  of  200  runs  in  the  HOJ  mode  indicates 
that  the  steering  errors  at  the  time  of  missile  launch  would  also  be 
improved  by  a  time  delay. 

f .  In  view  of  the  fact  that  several  areas  of  system  improvement 
through  simplification  have  been  spotlighted,  it  is  strongly  recommended 
that  this  Investigation  of  the  minimum  fire  control  requirements  be 
continued  by  the  Navy. 
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Figure  2 


1.  Boll  Bar 

2 .  Target  Dot 

3*  Acquisition  Symbol 
4*  Target  Elevation 
5«  BfliaY  Scribe  Mark 
64  Bjjjjjj  Scribe  Mark 


Seaixjh  Display-Wormal,  HOJ  and  AOJ  Modes 
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1.  Roll  Bar 
2  *  Target  Dot 
3*  Acquisition  Symbol 
4*  -Target  Elevation 
5*  Antema  Azimuth  Sweep 

6.  Rjn^  Scribe  Mark 

7.  Scribe  Mark 


Figure  3  Search  Display  -  AWS  Mode 
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Aa^lltude  Ratio  (db) 


Degrees  from  Center  of  Bar 


Figure  k  Scope  JPtensfty  as  a  Function  of  Distance 
from  Center  of  Bar,  Elevation  Channel* 
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1.  Roll  Bar 

2.  Elevation  Gimbal  Angle 

3*  Aiimuth  Oiuibal  Angle 
4-  I’dark 


5*  fimin  Scribe  Mark 
6*  Error  Dot 
7«  Maximum  Error  Circle 
S*  Circle 

9*  Range  Rate  Gap 


Figure  5  Track  Display  -  Normal  &  HOJ  Modes 
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!•  Roll  Bar 

2.  Elevation  Gimbal  Angle 

3*  Azimuth  Gimbal  Angle 

4*  R  Scribe  Mark 
max 


^in  Scribe  Mark 
6,  Error  Dot 
7*  Maximum  Error  Circle 
Constant 

diaaeter  s  8^5^ 


Figure  6  Track  Display  -  AOJ  Mode 
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Figure  8  Weighting  Factora  Due  to  Vectoring  Error 
and  Detection  Probability  Distributions 
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definition  of  code,  refer  to  text* 
TJie  iTiisrile  is  successfully  launched, 
kn  attack  failure  occur 
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Sujnraaiy  Ox  Results 


Total  Number  Valid  Runs 
Total  Number  Successes 
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I  Run  is  incoirplote* 


AOJ  Kodo>  Evaluation  Set  No 


CONFIDmiAXi 


(NIC 

O 

'■d 

n 

1 

<s  l 

Ph 

Pi 

CO 

— 

Pm 

n 

Pm 

10 

r 

CO 

p4 

-n 

Pm 

Pm 

V. 

— f 

cr: 

Pm 

Cm 

Pm 

Pm 

•o 

c 

0  i: 

O  .f 

a  t 
CO  T 
(■ 

ip 

•1 

H 

0 

• 

01 

rH 

0 

• 

CM 

H 

vO 

4 

r“ 

0 

• 

CM 

rH 

Ji 

0 

• 

tJO 

■ 

UN 

• 

UN 

, 

c 

c 

UN 

• 

ON 

cd  S 

"S 

-  a 

P  c 

ft*  w 

t 

1 

c3 

• 

u> 

1  1 

CM 

» 

v£ 

ON 

• 

CA 

Data  for  first  ] 
Hlssile  Firing  | 

0  faO 

lA 

• 

U\ 

rH 

O' 

0 

* 

0 

« 

tu 

c 

0 

« 

<0 

H 

r’ 

nO 

« 

rH 

C 

Cr 

C*" 

^tc 

0 

• 

0 

• 

CM 

sD 

5 

0 

• 

. 

0 

« 

id 

WN 

0 

• 

D^ 

l3 

UN 

ft 

0 

• 

CM 

C 

0 

4 

►  cn 

-H 

UN 

• 

H 

0 

« 

0 

UN 

_s_ 

U4  » 

c3« 

■ 

^o 

« 

vr 

r- 

» 

d 

H 

• 

uv 

vO 

• 

Ov 

0 

CM 

< 

tr 

«c> 

H 

UN 

• 

CM 

a 

c 

<1 

P 

•^ll 

0 

« 

f- 

H 

CA 

• 

3 

0 

f 

tc 

CM 

• 

■1 

1 

UN 

« 

CA 

A 

<J 

0 

4 

% 

CA 

• 

CM 

CO 

» 

ill 

.  .. 

1 

IT 

« 

UN 

• 

UN 

0 

4 

NO 

0 

• 

<0 

■ 

UN 

• 

It 

4 

viD 

,  wr 

4 

Cv 

0 

• 

t- 

UN 

• 

NO 

0 

* 

I 

J  1 

g  1 

S| 

1 

--1 

"W 

* 

C<* 

0^ 

• 

CM 

! 

VO 

C" 

£S 

• 

i<^ 

1 

H 

» 

O' 

< 

C*' 

0 

• 

CO* 

• 

(A 

rH 

• 

-d- 

\rr 

(A 

13 

0 

■  0 

•*1 

0 

* 

OS 

CA 

• 

?? 

r 

j 

-j 

0 

4 

a 

*vO 

i 

■  OS 

L 

CM 

• 

r* 

0 

• 

ir 

4 

m 

0 

CM 

'  4» 

CM 

tv- 

• 

CM 

■  , 

S  1 

"Jl 

_ 

lA 

» 

s : 

i 

0 

S 

UN 

• 

UN 

iH 

i 

0 

1 

<c 

H 

UN 

i  A 

0 

• 

d 

UN 

• 

NO 

rH 

0 

0 

• 

CO 

H 

0 

• 

r- 

iH 

UN 

• 

C^ 

pH 

UN  i 

■g  c 

S  1 J 
« s  ^ 

rH  ^  kj 

|'*J 

g  M 
”  S 

00  m 

(A  © 

%-i 

•o  ,0 

•H  W 
bt*  - 

mI 

03 

R 

0) 

s 

« 

0  X 
ci  d 

Tk  w 

cAg 

ge 

0 

& 

n 

s 

03 

© 

©  g 

ttopf 

la 

n 

g 

« 

0 

®  - 
0  c 

u 

i£ 

S'* 

© 

© 

> 

© 

s 

• 

0 

© 

»  p 
♦r 

'ttl 

II 

a” 

• 

0 

©  - 
«>  n 

'".Ji 

CM  ! 

U< 

a** 

• 

P> 

©  X 
©  9 
rHpr 

© 

gfi 

b  © 
•H  03 
Pm 

© 

© 

>» 

1 

Is 

8 

1 

5 

ffi 

g 

3 

1 

g 

s 

! 

UN 

<i: 

U> 

-1 

N 

i 

g 

s 

4 

3 

s 

(O 

vO 

UN 

% 

UN 

7 

u*% 

cr 

5 

a 

r 

1 

cy 

T! 

cn 

3 

;)! 

! 

Qi 

UN 

£ 

c? 

,1 

3 

1  ^ 

1  CN 

li 

i 

3! 

0 

C  • 

d 

8? 

»A 

i 

u> 

0 

>A 

5  c. 
£R5 

CA 

US 

i 

£R 

3 

CO 

U', 

UN 

UN 

vC 

U' 

cn 

us 

CO 

<*N 

UN 

On 

CA 

UN 

rr 

IS 

o 

si 


77 


CONFIDENTIAL 


attack  failure  occurs, 
i  is  incoi^T^^te. 


TABLE  8,4 

Results  of  Sinulation 
AOJ  Mode^  Evaluation  Set  No 


COMFIDEKriAL 


w 

§ 

1 

TT^ 

li  - 

i  "’i* 

I  '■ 

I I 

i_j- 

1 

0  ;  f*t 

— ^ - 

1 

n 

fci 

I 

f*4  Pu 

1 

*1  u< 

1 - 

( 

I 

1 

cd 

1*4 

i 

Pu 

• 

m 

© 

•S 

A 

TJ 

c 

o  c 

H  (— 

rJ  5 

« 

?  ^  £3 

5  - - 

1  ; 

1  i 

j  ' 

r 

r 

x> 

9 

- 

- 

I 

M 

ri 

Jll 

— 

1  j 

UN 

• 

On 

1 

C 

»N 

* 

J_  . 

A 

• 

>0 

t 

Pt4  « 

s 

CV  • 

^  q 

tt;  3 

'i 

CM 

-| 

j 

r 

I 

H 

• 

t 

L- 

t_ 

rH 

• 

4 

rH 

0 

•P 

0 

n 

•H 

xe 

cl« 

Vi  • 

0  \0 

S>  « 

rH  tS 

lj 

•  • 

CA  4 

• 

n 

♦  jd 

?§ 
p  ® 

fS . 

cS3  £ 

©  to  q 
lu  to  0 
©  0 

•1  0  0 
©  0  # 

'Op©© 

0  ©  P 

u  p  © 

.  CO  HrH 

C  rH  0 

73  S 

■rf  flj 

©  iG  c  3 
*0  P  -C  ck! 

fe  '  '  ' 

fi4  r/)  fLi  kh 

•  • 

rH  CM 

•• 

m 

© 

p 

t  g 

,0  «> 
^  H 

-P  w 

«3  60 

rjc 
£*-  0 

.  '  .4,-. 

>  0 

• 

fV 

• 

0  C 

• 

rfN  1- 

r- 

S  1 

j 

0  . 

UN 

n£  0 

1  • 

C  -4- 

CM 

• 

On 

CM 

• 

-4 

0 

• 

UN 

H 

Xo'S 

oic 

Nolrr 

ir\ 

• 

0 

cl 

0  U 

» 

rH  C'' 

r- 

00 

•  | 

0 

• 

(A 

Q  0 

0 

UN 

• 

UN 

0 

• 

rH 

0 

9 

rff 

3 

f 

HH 

• 

vQl  ir 

to 

N 

oi 

• 

3 

H  (\ 

• 

CM  u- 

0  ‘ 

I  *  1 

r  0  i 

t  -  1 

to\ 

4 

1 

! 

"! 

IT  0 

■  • 

u  (r\ 

NO 

• 

CA 

CM 

« 

CM 

Cn^ 

• 

to 

1 

1 

rO 

°Js 

uSo- 

• 

cn 

0 

• 

a> 

r— 1 

UN  vO 

•  < 

^  fn 

-i 

3  i 

: 

;  i 
;  ij 

J _ 1 

1 

0  : 

• 

UN 

r  0 

4  • 

nr  UN 

0 

* 

ON 

0 

• 

CN 

-4 

• 

— 

pT 

+> 

flj 

gi'^ 

il^S 

0  u> 

•  • 

CH^O 

0 

• 

v£> 

0 

• 

-4- 

0  ir 

•  « 

0  ^TTT 

«  •  '  It 

C-  CVN  1  1  *1 

UN  « 

* 

>0  ( 

.  { 

2  0  1 
>  >o 

UN 

-1. 

UN 

• 

0 

« 

OA 

f?  ■  ^ 

•F^  e. 

u.  C 

in 

i'Jo> 

• 

— 

i-l 

* 

vO 

CV* 

0  O' 

•  < 

-d"  m 

NO  H  1 

4  • 

Cr>  |- 

i§p  ' 

SC  CM 

4  • 

0 

• 

•4- 

I  to 

* 

CA 

CA 

• 

(A 

*1 

00 

toi  o> 

• 

ITn 

w 

• 

UN  sO 

•  * 

nO  t'- 

0  UN  ! 

1  *  ' 

d  ^  ^ 

H  H  j 

UN(  UN  c 

C 

3  CA 

it  • 

rj  so 

-4 

• 

UN 

1] 

UN 

* 

flj  < 

(d 

1 

<» 

( 

ini  0 

•  • 

to 

rH  iH 

0 

* 

UN 

• 

UN 

H 

UN  m 

NO  fO 
H  ^ 

vn  UN  : 

«  *  : 

C-  -;t  • 

H  H 

i 

UN  0  C 

O'  NO  i  t 
rH,  rH  »  r 

U|  UN 

4l  * 

0  VO 

r 

UN 

• 

fN- 

rH 

j 

SO  ! 
i-H 

UN  1 

• 

4  1 

f*^  j 

w 

© 

>» 

'  1 
s; 

o 

.71 

0> 

IP 

(S  J 

n  » 

i 

© 

n  c 

£4^ 

s:*'! 

S  H 

W  <T 

On  (§\ 

•  K 

©  ttl 
tr  > 

S^« 

X, 

•  ! 

^  i 

<D  t 
W  C  j 

g4^ 

/-■I 

h 

•ge 

n 

;  Si 

:  •  1 

t) 

.  © 

j  n  c 

f'fi 

!P 

j-O 

1®  c 

iH  J' 
r  i,' 

I  T3  ® 

'SiS ; 

• 

0 

0 

m  c 

D  i 

rj  ©  » 

Eei 

H  V*;  . 
u  C 

• 

0  i 
©  • 
»>  G  1 

■iJ'' 

sli 

^  ta 

0 

© 

u  <ti 

Off 

• 

4  © 

g5 

IcS 

! ' 

9  1 

5  ; 

j.ji 

LT  0 
rji  cn 

Ch 

u\ 

0 

i 

^  4 
4  Ji 

UN  uS 

li:  •: 

W  S  ‘ 

UN  C  > 

li!  5: 

1? 

s  y 

3- 

lij 

i!3  5 

!! 

f 

UN 

T, 

CA 

UN 

Q  Ji 
^  !: 
Ji: 

“! 

3i 

?! 

dc 

li  ■ 

ia  ,  . 

0 

!? 

1  ^ 
UN  UN 

S  1:5  5 

'UN  ju^  t 

S 

■§< 

UN 

d  9  H 
4'i  UN  1  !/> 
Aj  UN  •  UN 

CM 

1  UN 

- 

PN 

UN 

UN 

•4  1 

UN  1 
UN  i 

A 

A  A 

A  A 

78 


COMFIDEHriAli 


TABLE  8*5 


Results  of  Simulatiori 


GCilFIDEOTIAL 


Kotesi  !•  For  definition  of  code,  refer  to  text#  3*  Useful  range  of  ^niax  is  0  to  15  degrees 

2#  S  -  The  missile  is  successfully^  launched#  4#  I^nax  Range  «  6#5  n#m# 

F  -  Ar  attack  failure  occurs# 

I  -  Run  is  inconrolete# 


82 


CONFIDEaJTIAL 


Resalts  of  Simulation 


83 


C0NFIDJ3NTIAL 


Notes;  1.  For  definition  of  code,  refer  tc  text* 

2.  S  «  The  missile  is  successfully  launched 
F  -  An  attack  failure  occurs* 

I  -  Run  is  incomplete* 

3*  Useful  range  of  is  C  to  15  degrees* 


Attack-While-Search  Mode  Evaluation 
Deviated  Pursuit,  Lead  Angle  10^ 
Set  No*  1 


•  • 


66 


COMPIDENTIAL 


TABLE  9,5 


Notes:  !•  For  definition  of  oode,  refer  to  text. 

2*  S  -  The  iKlssile  Is  sacceasfully  launched 
F  -  An  attack  f^lure. occurs# 

I  -  Ihm  is  incomplete. 

3m  Useful  range  of  ^  degrees# 


TABLE  10 


For  definition  of  code,  refer  to  tes^* 

S  -  The  missile  is  successfully  launchec 
F  -  An  attack  failure  occurs* 

I  -  Run  is  inconplete* 

Useful  range  of  is  0  to  15  degrees. 


Results  of  Simulation 


CONFIDBI^IAL 


Pm  ;b  \fu  U4  |U4  pLi  to! 


cn’cojco  I 

I  i 


^  CO  C14  0 


'll! 


j  !  •  I 

A  A  A  A  ‘  A  Ajr- 


apa  aMpt^PiPS' 


I  O  to  O^UN  U 

*  ♦  •  Q  •<  ‘ 

irksO;V>  lA  jg|^i"^  ‘O’^ 

*  1  !  i 


O  «>  H  J> 


i  '8^'g 


;  A*  A  a!  A- 

_ ^ _ — .  .■♦■I  t  ..j - * 

-I I  ,  ! ; I 

!  .v\'.i'- 

— I — "'■■•  'r  :  "'■; 

,  Cj  <0  I  «J  ,U2«  J 

cwixo  I  r-  uSw\»r»-4’*Av>j^j 


lA  »A  1  !  !u>{  I  lw> 

•  •  <  •  ,  >  ;  I  * 

4“  i  -•!  ;  |s 


•  r-  ^  ■’ 

M_  !  r 


I  s  si'^  sls  isil 


oi  o  ito  H  9  «yoi  : 

•  '  •!  *1  C  c4i  •  ; 


ju^iAio  ir  g>A  uji 
JvO'^sOvO  SvOvOv 


P  ^  Qi  d 


£  t?.s 


■  i  •  :  ' 

i  a  I 

- i-HnH — h 

^U\  V\  UN  i  ©  XTk UN  UN  VN  uN  UN 

<  •  ;  •  i  0  •••!••(  ♦ 

x£  v£>  i  vo  I  o >0 '0;no  nO' vo 

^  .  1^  : 


8;  Ml  ©i  ©  td  (« 
(  ©  ©  ©  ox  M 

q  c  c, 


S  JSSSfej 


sd  o  td  ai< 


3  3 

t-  cHc 


90 


COIIFIDENTIAL 


Notes;  1*  For  definition  of  code,  refer  to  text* 

2*  S  -  The  missile  is  successfully  launched, 
F  -  An  attack  failure  occurs* 

I  -  Run  is  incon^lete* 

3*  Useful  range  of  S^nax  is  0  to  15  degrees* 


Results  of  Simulation 


^JONFIDEWTIAL 


Satess  1.  Fot 


Results  of  Simulation 


CXaiFIiailTIAL 


94 


OQRFIDEBIIAL 


Ifotesi  1*  For  definition  of  code^  refer  to  text*  3*  Useful  range  of  is  0  to  15  degrees 

2*  S  -  The  missile  is  successflGJy  launched* 

F  -  An  attack  failure  occurs* 

I  -  Run  is  incomplete* 


Results  of  Simulation 


CQRFIDEIfriAL 


c 

o 

SS) 

10 

H  fl> 

M  ^ 

O 

i|i 

!-■! 
e  p  o 
CO  n  CO 

1 1 

II 


cv 

c 

o 

t4 

1 

1 

1 

III 

1 

0 

Remarks 

1 

1 

•s 

•H 

o 

04 

ifif| 

III! 

lAO  CM 

•  .  • 

<A* 

1 

1 

[ 

fA 

. 

s 

1 

s! 

43 

J-s 

III! 

m 

CM 

1 

I 

1 

1 

■Ctf  ' 

<d 

Ss 

-4- 

• 

ir\ 

ir\ 

• 

v\ 

Illl 

SBSB 

Illl 

SI 

IS 

9! 

I 

B 

c 

s 

05 

Q 

•^1 

*0 

I 

! 

m 

m 

0 

• 

/V 

0 

/ 

38 

S  A 

UN 

. 

4 

H 

H 

to 

• 

0 

. 

to 

IIIB 

■ 

mi 

i 

0  0 

•  • 

to  to 

0  c 

• 

to  t 

0  0 

.  « 

0  to 

0 

• 

»— 1 
• 

-4 

0 

• 

J 

si 

D  to  0  0 

^  • 
0  (n*4  01  -4 

5 

c  •  •  • 

® 

•  c 

to  to 

•  • 

1 

i 

J 

"S 

<11 

bO 

to 

• 

4 

111 

|||g 

1 

-4  CM 
•  • 

UN  4 
H  H 

1 

1 

1 

i/\  kt\ 

•  • 

H  to  -4  to 
H  H  H  H 

ICN 

CM  CM 
•  • 

sO  C^ 
H  r- 

m 

A  U> 

•  . 

^  C^ 
H  H 

CM 

. 

S 

Q 

SBBi 

i 

BE 

ii 

1 

ii 

C 

C  ^ 

^  »  eS 
•H  43 

a 

c 

> 

in 

1 

1 

n  0: 

! 

1 

■s 

o 

vr 

Et, 

er 

0 

\  kr 

.3 

C 

'3 

f 

4“ 

lip 

ill 

MMIV 

ill 

El 

! 

11 

I 

I 

\  -4 

.g 

\CJ\ 

li 

F 

« 

Is 

3  to 

lili^ 

ilif 

h  unnC 

)  to 

«o  0 

ss 

95 


CODFIDfairiAL 


Notes:  1.  For  definition  of  code,  refer  to  text.  3.  Useful  range  of  Einax  is  0  to  15  degrees 

2.  S  -  The  missile  is  successfully  launched. 

F  -  An  attack  failure  occurs. 
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Notes!  1.  For  definition  of  code,  refer  to  text*  3*  Useful  range  of  Ecjax  ^5  degrees 
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Notes:  1*  For  definition  of  code,  *efer  to  text#  3*  Useftd.  range  of  ^lax  is  0  to  15  degrees. 

2*  S  ^  73ie  nlssile  is  successfully  launched* 

P  ™  An  attack  failure  occurs* 
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An  attack  failure  occurs 
Run  is  inconplete. 
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Motes:  1*  For  deilnition  cf  code,  refer  to  text*  3*  Useful  range  of  ^nax  is  0  to  15  degrees. 

2»  S  -  The  missile  is  successfully  launched. 

F  -  An  attack  failure  occurs- 
I  -  Run  is  inconqplete* 


Attack -Wnile-Search  Mode  Evaluation 
Deviated  Pursuit,  Lead  Angle  25^ 
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Resi’-its  of  Simulation 


Notes ;  1.  For  definition  of  code,  refer  to  text*  3*  UseftJl  range  of  Eicax  Is  0  to  15  degrees 

3  -  Ihe  missile  is  successfully  laxmched, 
r  -  An  attack  failure  occurs# 

I  -  Run  is  inconqplete* 


Attack-Vflhile-Search  Mode  Evaltiatioa 
Deviated  Pursuit,  Lead  Angle  25® 
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TABLE  15 

Summary  of  fire  Control  Investigation 
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